Character, Incidence, and Predictors of Knee Pain and Activity after Infrapatellar Intramedullary Nailing of an Isolated Tibia Fracture by Obremskey, William et al.
Character, Incidence, and Predictors of Knee Pain and Activity 
after Infrapatellar Intramedullary Nailing of an Isolated Tibia 
Fracture
William Obremskey, M.D., MPH MMHC1, Julie Agel2, Kristin Archer, D.P.T1, Philip To, M.D.1, 
and Paul Tornetta, M.D.3 for the SPRINT Investigators




Objective—To study the activity and incidence of knee pain after sustaining a isolated tibia 
fracture treated with an infrapatellar intramedullary nail at one year.
Design—Retrospective review of prospective cohort
Setting—Multicenter Academic and Community hospitals
Patients—437 patients with an isolated tibia fracture completed a 12 month assessment on pain 
and self-reported activity.
Intervention—Infrapatellar Intramedullary Nail
Outcomes—Demographic information co-morbid conditions, injury characteristics, and surgical 
technique were recorded. Knee pain was defined on a 1-7 scale with 1 being “no pain” and 7 being 
a “very great deal of pain.” Knee pain > 4 was considered clinically significant. Patients reported 
if they were “able”, “able with difficulty” or “unable” to perform the following activities: kneel, 
run, climb stairs, and walk prolonged. Variables were tested in multilevel multivariable regression 
analyses.
Results—Knee Pain: 11% percent of patients reported a “good deal” to a “very great deal” of 
pain (> 4). 52% of patients reported “no” or “very little” pain at 12 months. Activity at 12 months: 
26% and 29% of patients were unable to kneel or run, respectively. 31% and 35% of patients 
respectively stated they were able with difficulty or unable to use stairs or walk.
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Conclusion—Clinically significant knee pain (>4/7) was present in 11% of patients one year 
after a tibia fracture. 31%-71% of patients had difficulty performing or were unable to perform 
routine daily activities of kneeling, running, and stair climbing or walking prolonged distances.
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Introduction
In the US, tibial shaft fractures are the most common long bone fracture and the incidence of 
knee pain is high1. A prospective randomized clinical trial was undertaken to compare the 
rate of re-operation for patients with tibial shaft fractures treated with either a reamed or un-
reamed nail (S.P.R.I.N.T)2. This trial enrolled 1,319 patients and concluded that for patients 
with closed fractures there was a benefit of a decreased rate of re-operation with a reamed 
intramedullary nail. The data did not demonstrate any difference in the rate of re-operation 
for patients with open fractures between treatment groups. Even though the tibia is a 
common fracture site, the magnitude of knee pain and their activity recovery are not well 
documented.
Knee pain is the most common complication following intramedullary nailing of the tibia, 
with an incidence reported to vary from 49-69%1-5. It has been theorized that the surgical 
approach to obtain the starting portal (i.e. lateral, medial, transtendonous) may affect knee 
pain. Early studies demonstrated a statistically difference between knee pain in medial 
parapatellar versus transtendonous insertion points5. However, Toivanen et al. prospectively 
studied 42 patients comparing medial parapatellar versus transtendonous nailing and found 
no significant difference in pain or function using a VAS, Lysholm, Tegner, and Iowa knee 
scoring systems4. A meta-analysis performed by Katsoulis et al. showed the incidence of 
knee pain to be 47%, with no difference between approaches with respect to pain6. Little 
data is available to help determine the predictors of knee pain in patients after IMN for a 
tibia fracture6. Patients also frequently inquire what activities they will be able to perform 
once they have “recovered”. No previous study has documented a patient’s activity to allow 
physicians to adequately inform patients, so that both may have appropriate expectations.
The purpose of this study was to provide clinicians and patients with a clear understanding 
of incidence and magnitude of knee pain as well as activity capacity after sustaining an 
isolated tibia fracture treated with an infrapatellar intramedullary nail at one year, and the 
factors that affect knee pain and recovery.
Patients and Methods
The S.P.R.I.N.T. database (1227 patients) was reviewed to identify all patients who had 
sustained an isolated tibia fracture and had a one year follow-up on knee pain and/or activity 
(n=437) questionaires. All data was collected at a central coordinating center using 
methodology described in earlier publication. 2
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A similar tibia knee pain VAS scale used by Court-Brown1 was chosen for its specificity to 
the population under study and administered at 3, 6 and 12 months. The tibia knee pain 
question was defined on a 1-7 scale with 1 being “no pain” and 7 being a “very great deal of 
pain.” Knee pain > 4 was arbitrarily considered clinically significant. At the 12 month visit, 
patients answered a self–administered paper questionnaire that asked: “Currently are you 
able to kneel, climb stairs, walk for a prolonged period of time or run?”, and checked a box 
that states “Unable”, “Able with difficulty”, or “Able”.
In addition to standard demographic information (age, sex, race, and smoking status) injury 
characteristics (fracture location, presence of open wound, type of injury, AO/OTA 
classification7, and surgical characteristics (incision length, approach (tendon split vs para 
tendon), type of entry portal into proximal tibia (superior – flat spot on proximal tibia on a 
lateral or inferior- adjacent to patellar tendon), type of nail, number of locking screws, and 
surgeon experience(< 5 years vs > 5 years of experience). We did not attain any pre-existing 
knee pain or activity function information on these patients.
Statistical Analysis
Descriptive statistics were used to explore the patient, injury and surgical characteristics 
included in the analyses. All continuous variables were examined for the assumptions 
required for parametric analyses.
Separate univariate and multivariate mixed-model regression analyses were performed to 
examine the relation between patient, injury, and surgical characteristics and pain scores as 
well as patient activity (ability to kneel, run, climb stairs, or walk prolonged distances). All 
models included a random effect to account for the clustering of patients by clinical site. 
Variables that were significant at p < .05 in univariate analysis or a priori considered 
relevant to the outcomes from a clinical or theoretical perspective were entered into each 
multivariate model for analysis. These a priori variables included approach (tendon split vs 
paratendon), type of entry portal (superior/inferior), fracture location (proximal, middle, 
distal), type of fracture pattern (42A, B or C) and type of open fracture (Type 1,2,3). 
STATA 12 software (StataCorp. 2011. Stata Statistical Software: Release 12. College 
Station, TX: StataCorp LP) was used to analyze the data. The level of significance was set at 
p <.05.
All sites that collected data during this project had IRB approval. The clinical trials identifier 
is NCT00038129. All funding for this project came from NIH R01-AR48529 and CIHR 
MCT-38140.
Results
Twenty-nine sites across the United States, Canada, and the Netherlands enrolled 1,226 
patients with tibial shaft fractures amenable to treatment by intramedullary nail over a 62 
month period and had complete demographic, injury, and treatment data. One-year follow 
up was available for 910 patients of these patients 437 patients had an isolated tibia fracture. 
Injury and surgical characteristics of the study population are presented in Table 1.
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The percent of patients with a “good” to a “very great” deal of knee pain (> 4) was 11% at 
12 months. 51% of patients reported “no” or “very little” knee pain at 12 months. Amount of 
pain patients perceived consistently decreased over time from 3-12 months. (Table 2)
At 12 months, 26% and 29% of patients were unable to kneel and run, respectively. The 
percent of patients who said they were ‘able with difficulty’ or ‘unable’ to climb stairs was 
31% and walk prolonged was 35%. (See Table 3)
Multivariate predictors of increased knee pain were being a current smoker, having a 
comminuted fracture pattern (42C) and having a surgeon with less than 5 years of 
experience (p<0.05). All other variables were not significant. (Table 4)
Mulitvariate predictors of a patient being unable to perform an activity: kneel; walk, use 
stairs, and run were also assessed in a regression model. Women had more difficulty 
kneeling (p<0.05). Stair climbing was more difficult in patients who were older, smokers, 
and if patient had open or proximal fractures (p<0.05). Walking was also more difficult in 
patients who were older, smokers or had an open fracture (p<0.05). All other variables for 
each activity were not significant (Table 5).
Discussion
This is the largest study to our knowledge examining tibial intramedullary nailing (IMN). 
Our study showed that at 1 year 11% of patients complained of significant knee pain and the 
predictors of knee pain were smoking, comminuted fractures, and surgeons with less than 5 
years of experience.
Our incidence of significant knee pain (11%) is lower than previously published data. 
Multiple studies with small cohorts have reported on knee pain associated with tibia 
fractures with incidence and severity ranging greatly.1,3-6, 8, 15-18-25 Court-Brown et al. 
followed one of the largest series of 169 patients and found a 56% incidence of knee pain1. 
However, the study included mild pain in the total percent of patients with pain. 56% 
(95/169) patients stated they had a least some pain at insertion site; 6% (10/169) patients had 
occasional global pain with activity and 42% (64/169) patients had no pain at all. Our study 
identified patients with moderate or severe knee pain. In Court-Brown’s study 18% of 
patients (30/169) had “moderate (4-6/10) or severe (>6/10)” pain. The large discrepancy of 
knee pain incidence between studies could be due in part to a lack of a standard definition 
and severity of knee pain. Court-Brown utilized a 10 point VAS scale and considered pain 
>6/10 as significant pain. The SPRINT study steering committee selected a knee pain scored 
from 1-7 where 1 is no pain and 7 is a “very great deal of pain” with pain > 4/7 arbitrarily 
was considered significant pain.
A more recent article by Song et al. on anterior knee pain using an infrapatellar medial 
approach similar to our study found moderate to severe knee pain in 28% of all patients 
using a 0-3 pain scale with pain reported as Moderate or severe as a score of 2 or 3 
respectively.19 Knee pain in Knee pain in the Song article was significantly related to 
superior nail prominence and nail–apex distance. We have no explanation of why this study 
had a higher incidence of similarly assess knee pain in the Asian population. Pain is tightly 
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related to patient expectations and cultural norms. These may be different in the population 
study in the Song article.20, 21
Intramedullary nailing of proximal tibia fractures has been shown to result in frequent 
malalignment. Semi-extended nailing of these fractures has been assessed and found to have 
improved alignment and no differences in postoperative knee pain.22 A case series of 
proximal and distal tibia fractures treated with a semi-extended technique were compared to 
patients with a diaphyseal fracture that underwent standard intramedullary IMN placement 
with a medial parapatellar incision. No patient had a malalignment or a loss of reduction. 
Any knee pain was present in 17% of patients with a semi-extended technique and in 20% of 
patients with a standard medial parapatellar. Moderate or severe knee pain was seen in 6% 
of patients with a semi-extended position in 8% in patients with a standard portal. No 
statistically significant differences were seen in knee pain with either approach.
Semi-extended nailing is also been study utilizing a suprapatellar approach to the starting 
point. Sanders et al.23 36 patients were available at 1 year follow-up 97.2% (35/36) reported 
no pain with a 10 point VAS score of 0. One patient reported a VAS score of 2 at the 
suprapatellar entry site (22) no cartilage damage was noted in 13 of 15 patients undergoing 
arthroscopic evaluation of the knee joint. It is unclear if suprapatellar intramedullary nailing 
has a lower incidence of knee pain after stabilization of a tibia fracture with an 
intramedullary rod versus an infrapatellar approach. A retrospective analysis of consecutive 
patients treated with either a suprapatellar approach or an infrapatellar approach was 
completed by Jones et al. 24. No differences were seen in knee pain score using the Kujala 
score as measure of anterior knee pain. Also no differences were seen in the physical or 
mental components of the SF-12 between these groups. Improved fracture reduction was 
seen in the sagittal and coronal plane in the suprapatellar versus the infrapatellar group. 
Improved insertion point was also thought to be more accurate in the suprapatellar group.
The cause of the knee pain is unknown at this time. Proposed causes of knee pain are nail 
prominence8 damage to Hoffa fat pad8, infrapatella nerve injury,9 quadriceps weakness10 
union11, and intraarticular injury12. Presence of an incision over the anterior knee may be a 
determining factor to anterior knee pain after intramedullary fixation of a tibial fracture. The 
Sanders article (23) and a report by Ramos (25) found essentially no anterior knee pain. The 
Sanders article utilized a suprapatellar portal and the Ramos article compared Ilizarov 
external fixators with standard intramedullary nailing in diaphyseal tibia fractures in a 
respective control trial. At 1 year patients in the Ilizarov group had lower VAS pain scores 
then patient’s treated with a intramedullary nail(p=0.03). K
Anterior cortical bone loss has also been proposed as an etiology knee pain due to tibial nail 
insertion due to altered biomechanics of the proximal tibia. (26) anterior cortical defects are 
present with her the IM nail was placed in a infrapatellar or a suprapatellar technique. (27) 
Our study identified smoking as a predictor of knee pain. Ryan et al. showed an inverse 
relationship between smoking and union11. In their study, they showed that the first 20 
weeks after surgery the more knee pain was associated with a lower the radiographic union 
score. After 20 weeks, union score and knee pain did not correlate. Smoking has long been 
associated with poor wound and bone healing. A recent animal study showed that 
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transdermal nicotine had higher rate of nonunion and decreased mechanical strength13. We 
hypothesize that smoking slows fracture union and could be a reason why “smoking” is a 
significant predictor of knee pain. Suprapatellar IMN technique was also not used in this 
study as the study was completed prior to introduction and adoption of this technique. We 
did not record union or time to union in this study. The SPRINT recorded mechanical failure 
of locking bolts and reoperation for nonunion as treatment failures. By protocol all IMNs 
were locked with 2 proximal locking bolts so no correlation was found with number of 
locking bolts.
We did not find that knee pain at one year after injury was predicted by: open/closed, 
location of fracture; technical aspects: portal, approach, length of incision, type of IMN or 
number of proximal locking bolts.
Having a surgeon with less than 5 years of experience was a predictor of knee pain. We are 
unsure of the etiology of this association. Surgeons with less experience could be errant in 
locating the starting point. If the starting point is not within the “safe zone” as described by 
Tornetta, then intrarticular structures could be injured12. Studies on arthroscopy have 
demonstrated surgical experience led to improved psychomotor skills.14 This may be true in 
tibia fracture surgery as well. Inexperience could lead to multiple starting points, which 
could cause intra-articular damage and pain.
Our study showed that women had more pain with kneeling than men. Again we are unsure 
of the etiology of this association. Cartwright-Terry et al demonstrated 81% of patients had 
pain with kneeling15. Song et al found that 100% patients with moderate to severe pain had 
pain with kneeling.16 Unlike this study, Song et al found that age and sex did not correlate 
with pain. Court-Brown et al1 and Keating et al17 both found that younger patients and 
females also had more knee pain. They believed that younger patients were more active 
which contributed to more pain. Our study did not find age to be a predictor of knee pain.
Devitt et al performed a biomechanical study showing that there are increased 
patellofemoral forces during reaming.18 This increased force could lead to chondral injury 
and be a possible cause for knee pain. Our study confirmed what previous studies have 
shown on surgical approaches. We found no correlation between transtendinous or 
paratendinous approaches and knee pain. Although there is some debate, the best evidence 
was reported by Toivanen et al. They performed a prospective randomized trial of surgical 
approaches and found no differences between the two approaches at 3 and 8 years of follow 
up4,19. No patient in this study had a suprapatellar IMN technique utilized.
Another theory of knee pain is that it may be related to patella fat pad injury. A basic science 
study demonstrated that fat pad edema can increase patella-femoral strain.228 Fat pad 
hypertrophy and impingement damage to it during IMN placement may also contribute to 
knee pain and removal has decreased anterior knee pain. 29,30
A patient’s capacity to resume daily life and athletic activity is also a common question for 
surgeons. This report found at 12 months, 26% and 29% of patients were unable to kneel 
and run, respectively. The percent of patients who said they were ‘able with difficulty’ or 
‘unable’ to climb stairs was 31% and walk prolonged was 35%. These data indicate that 
Obremskey et al. Page 6













patients commonly have significant restrictions to daily activity. Larsen et al. reviewed 294 
patients nearly 8 years from injury. 39% indicated dysfunction daily living, 50% indicated 
limitations in quality of life and 6% indicated limitations during sports activity (31) Our data 
is consistent with the Larsen data that indicate that a tibia fracture has a significant long-
term impact on a patients’ ability to perform day-to-day activities and on quality of life
Strengths of the study include the large cohort size and its generalizability. This cohort also 
had multiple centers and surgeons involved.
Our study has a few weaknesses. This is a post hoc evaluation of prospectively gathered 
data. The incidence of knee pain was not a planned primary or secondary outcome of the 
SPRINT study2. We did not have pre-injury assessment of knee pain or activity so we are 
unable to assess what if any change has occurred due to the injury or surgery. We also did 
not use identical measures of knee pain as other investigators and the pain and activity 
measure were not validated. The analysis of etiology and predictors of knee pain in tibia 
fractures was not an a priori hypothesis of the SPRINT study. We did not use a validated 
outcome measure for pain assessment, but a similar methodology has been used in prior 
studies of knee pain after tibia fracture stabilization with an IMN. Court-Brown and others 
in smaller series used a VAS score to assess knee pain. We did not assess quad strength 
between sides of compared to norms. Quad strength certainly can be associated with knee 
pain. We also could have selection bias as patients that returned for one year follow up may 
be more likely to have pain than those who did not follow up.
We did find age as a risk factor for decreased capacity to walk and use stairs. We did not 
compare patients’ ability to perform activity prior to injury and age may be a predictor of 
decreased activity in patients’ without injury. We excluded multiple trauma patients to 
assure knee pain or activity was not due other associated injuries. Also although the effect of 
age on activity capability as statistically significant, it is likely clinically irrelevant as the 
odds ratio was 1.01. This is a small difference but significant due a slight difference in age 
and a large number of patients. Our follow up is limited to 1 year. However, most surgeons 
follow up patients with a tibia fracture treated with a tibial nail only up to year.
Conclusion
Clinically significant knee pain (>4/7) was present in 11% of patients one year after a tibia 
fracture that is stabilized with an IMN. Overall patients demonstrate significant impact on 
their life and function due to pain and diminished activity levels. 31% to 71% of patients had 
difficulty performing or were unable to perform routine daily activities of kneeling, running, 
stair climbing or walking prolonged distances at one year after injury. Patient smoking was 
the factor that most consistently predicted knee pain.
These results are particularly enlightening as this is by far the largest cohort of patients with 
a tibia fracture to be studied for knee pain and activity. These results can be used to provide 
reasonable expectations to physicians and patients on knee pain and activity after an 
infrapatellar IMN for an isolated unstable tibia fracture. The knee pain data of this study 
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may or may not apply to patients who have a tibial IMN placed with a suprapatellar 
technique, but the significant activity restrictions are likely to be similar.
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Table 1
Patient, injury and surgical characteristics of study population (N=437)
N (%)
Age in years, mean (SD) 41.9 (15.6)
Sex
 Male 311 (71%)
 Female 126 (29%)
Race
 Non White 68 (16%)
 White 369 (84%)
Smoking Status
 Never/Former 314 (72%)
 Current 123 (28%)
Fracture Location
 Proximal 35 (8%)
 Diaphyseal 85 (19%)
 Distal 317 (73%)
Wound Type
 Closed 331 (76%)
 Open 106 (24%)
Fasciotomy at initial surgery
 No 428 (98%)
 Yes 9 (2%)
Injury Type
 Low Energy 235 (54%)
 High Energy 202 (46%)
AO Class
 A 267 (61%)
 B 125 (29%)
 C 45 (10%)
Fracture gap
 No gap 398 (91%)
 Gap < 1 cm 25 (6%)
 Gap >= 1cm 14 (3%)
Tendon Approach
 Medial Paratendinous 337 (77%)
 Tendon Split 100 (23%)
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N (%)
Entry Portal
 Superior 329 (75%)
 Inferior 108 (25%)
Nail Type
 Stainless Steel 154 (35%)
 Titanium 283 (65%)
Locking screws
 None/1+ 207 (47%)
 2+ 230 (53%)
Type of Surgeon
 >5 years Experience 158 (36%)
 < 5 years Experience 279 (64%)
Full weight bearing
 No 390 (89%)
 Yes 47 (11%)
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Table 2
Distribution of Knee pain at 3, 6 and 12 month follow-up.
3 Month (N=393) 6 Month (N=361) 12 Month (N=428)
Knee Pain Score N (%) N(%) N (%)
1 65 (17%) 86 (24%) 101 (24%)
2 112 (29%) 113 (31%) 118 (28%)
3 104 (26%) 81 (22%) 103 (24%)
4 71 (18%) 46 (13%) 57 (13%)
5 25 (6%) 17 (5%) 36 (8%)
6 9 (2%) 10 (3%) 7 (2%)
7 7 (2%) 8 (2%) 6 (1%)
Average Score (SD): 2.9 (1.4) 2.8 (1.4) 2.7 (1.4)
Note. 1 = no pain; 2 = very little pain; 3 = some pain; 4 = a moderate amount of pain; 5 = a good deal of pain; 6 = a great deal of pain; 7 = a very 
great deal of pain
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Table 3
Activity level 12 months after IMN of Tibia fracture (N=437)
Activity Unable Able w/Difficulty Able
Kneel 26% 45% 29%
Walk 7% 28% 65%
Stairs 3% 28% 69%
Run 29% 37% 35%
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Table 4
Multivariable Mixed-Model Linear Regression Analysis for Pain Scores at 1-Year (N = 428)
B (95% CI)
Current Smoker vs. Never/Former .46 (.17, .75)*
Surgeon < 5 years of Experience .35 (.05, .65)*
Proximal vs. Middle/Distal .30 (-.19, .78)
Open vs. Closed Fracture -.08 (-.39, .24)
Superior vs. Inferior Portal .17 (-.15, .49)
Tendon Split vs. Medical Paratendinous .03 (-.32, .38)
Ref = reference; CI = confidence interval
*
P < .05
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Table 5
Multivariable Mixed-Model Logistic Regression Analysis for Activity
Kneel (N=387) Run (N=385) Stairs (N=390) Walk Prolonged (N=385)
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age 1.0 (.99, 1.01) 1.01 (1.0, 1.01)* 1.01 (1.0, 1.01)* 1.01 (1.0, 1.01)*
Female vs. Male (ref) 1.1 (1.0, 1.3)* - - -
Current Smoker vs. Never/Former - - 1.1 (1.0, 1.3)* 1.2 (1.1, 1.3)*
AO Class A vs. B/C - .93 (.85, 1.0) - -
Proximal vs. Middle/Distal 1.0 (.86, 1.2) 1.1 (.92, 1.3) 1.2 (1.0, 1.4)* 1.1 (.89, 1.3)
Open vs. Closed Fracture 1.0 (.92, 1.1) 1.1 (.98, 1.2) 1.2 (1.0,1.2) 1.2 (1.1, 1.3)*
Superior vs. Inferior Portal 1.0 (.91, 1.1) 1.1 (.96, 1.2) 1.1 (1.0, 1.3)* 1.1 (.95, 1.2)
Tendon Split vs. Medical Paratendinous .95 (.85, 1.1) 1.1 (.94, 1.2) 1.0 (.89, 1.1) 1.0 (.88, 1.1)
Ref = reference; CI = confidence interval
*
P < .05
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